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Abstract. Few epidemiological studies ofmiddle ear disease have been conducted inAboriginal and Torres Strait Islander
populations, yet the disease is common and causes hearing impairment and poorer educational outcomes. The objective of
this study is to identify factors associated with abnormal middle ear appearance, a proxy for middle ear disease. Aboriginal
and Torres Strait Islander children aged 0–14 years receiving a Child Health Check (CHC) at an urban Indigenous Health
Service,Brisbane,Australiawere recruited from2007 to 2010.Mixed-effectsmodelswere used to explore associations of 10
recognised risk factorswith abnormalmiddle ear appearance at the timeof theCHC.Ethical approval and community support
for the project were obtained. Four hundred and fifty-three children were included and 54% were male. Participants were
Aboriginal (92%), Torres Strait Islander (2%) or both (6%). Abnormal middle ear appearance was observed in 26 (6%)
children and was significantly associated with previous ear infection (odds ratio (OR), 8.8; 95% confidence interval (CI),
3.2–24.0) and householdswith eight ormore people (OR, 3.8; 95%CI, 1.1–14.1) in the imputedmultivariablemixed-effects
model. No significant associations were found for the other recognised risk factors investigated. Overcrowding should
continue to be a core focus for communities and policy makers in reducing middle ear disease and its consequences in
Aboriginal and Torres Strait Islander peoples.
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Introduction
Middle ear disease is themost common cause of acquired hearing
loss in children (Roberts et al. 2004). Rates of middle ear disease,
which includes otitis media, vary among different populations,
with Australian Aboriginal children having rates among the
highest in the world (Couzos et al. 2001).
Large birth cohort studies in the Netherlands and the United
States of American (USA) found that significant predictors of
otitis media at 2 years of ageweremale gender, otitis media in the
first year of life, socioeconomic disadvantage and exposure to
other children in the house (Paradise et al. 1997; Labout et al.
2011). Higher rates of otitis media among Aboriginal and Torres
Strait Islander children have been attributed to early
nasopharyngeal bacterial colonisation, chronic upper respiratory
tract infections and social factors such as poverty, overcrowding
and exposure to cigarette smoke (Kong and Coates 2009).
However, surprisingly few epidemiological studies have been
conducted to investigate the risk factors for middle ear disease in
this population, and those that do yielded varied findings (Jacoby
et al. 2008; Bailie et al. 2012). Most of this research has been
confined to populations residing in rural or remote communities,
yet Australian Aboriginal and Torres Strait Islander peoples now
predominantly live in urban areas, with 53% living inmajor cities
or regional centres (Australian Bureau of Statistics 2007).
The objective of this study is to detect factors associated with
abnormal middle ear appearance, a proxy for middle ear disease,
in children attending an urban Indigenous health service.
Methods
Setting
The Inala Indigenous Health Service (IIHS) is a Queensland
Governmentprimaryhealth care facility, located in south-western
Brisbane, Australia, and predominantly cares for Aboriginal and
Torres Strait Islander people from surrounding suburbs. This
study recruited a consecutive sample of Aboriginal and Torres
Strait Islander children, aged 0 to 14 years, receiving a Child
HealthCheck (CHC) at the IIHS fromMarch2007 toMarch2010.
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Parents or carers consented for their child’s de-identified CHC
data to be included in this study. For children who had more than
one CHC during the study period, only data from the first CHC
were included in the analysis.
Outcome variable
We defined abnormal appearance of the middle ear as any
abnormal appearance of the middle ear at the time of the CHC,
specifically the presence or absence of bulging ear drums,
wet perforation or dry perforation. This definition is clinically
relevant and was consistent with criteria used by Indigenous
CHCs in remote contexts (Spurling et al. 2012). It is likely to
include children with otitis media on the day of the health
check, children with otitis media with effusion and children with
residual middle ear problems such as perforated tympanic
membranes from previous infections. Otitis media, as opposed to
middle ear disease, is a difficult diagnosis to standardise,
especially as GPs are reluctant to employ pneumatic otoscopy or
tympanometry even after appropriate training (Rosenkranz et al.
2012).
Independent variables
Ten recognised risk factors for middle ear disease were included
in the CHC: four host factors (age, gender, preterm gestation
(<37 weeks) and parent-reported previous ear infection) and six
environmental factors (exposure to household tobacco smoke
(parent report), immunisations not up to date (as per the child’s
medical record), never breastfed (parent report), regular
attendance at childcare or school at the time of the health check
(parent report), presentation for a CHC in a winter month (based
on the date of the health check), and the number of people living in
the house at the time of the health check (parent report)).
For this last variable,weassumedapriori that householdswith
eight people or more were likely to meet the definition of
overcrowding given the rarity of houses with more than four
bedrooms in Inala (Hayman et al. 2002). Higher household
number may also be associated with middle ear disease
independent of crowding through exposure to siblings. In
recognition of this and the non-standard measure for
overcrowding, analyses were also conducted using different
household number thresholds from five to nine. Swimming, and
other environmental and socioeconomic factors thought to
modify the risk of middle ear disease were not available.
Analysis
Data from participants’ CHCs were manually entered into an
Excel spreadsheet, then imported into specialist statistical
software packages SAS version 9.2 (SAS Institute, Cary, NC,
USA) and Stata version 10.0 (StataCorp, College Station, TX,
USA) for analysis and graphing, respectively. Categorical
outcomes are presented as percentages and continuous outcomes
as medians and first (Q1) and third quartiles (Q3). The gamma
statistic, which measures the surplus of concordant pairs over
discordant pairs as a percentage of all pairs, ignoring ties, and
ranges between +1 to –1, was used to assess the relationship
between two binary variables.
Recognising that children are nested within families and that
the infectious nature of otitis media may lead to a clustering of
children with middle ear disease in households with some
dependent correlations, mixed-effects models were used for all
analyses to explore the associations of recognised risk factors
with abnormal middle ear appearance. In these models children
were clustered within families, and families were treated as
random effects (using the GLIMMIX procedure with the logistic
regression option). Crude analyses were first investigated.
Gender, age and the eight other recognised risk factors
measured by the CHC were then simultaneously included into a
multivariable model. As some of these covariates contained
missing or invalid data, this multivariable analysis was
undertaken using imputed data. Amultistagemultiple imputation
methodwas employed (using theMIprocedure), using successive
nonparametric propensity score and logistic regression
methods to impute values for continuous and binary variables,
respectively. For analyses involving imputed data, m= 50
datasetsweregenerated, analysed, and results reported forvarious
household number thresholds (using the MIANALYSE
procedure). A significance level of 5% was used for all statistical
tests.
Ethics
Ethics approval for this studywas obtained from theUniversity of
Queensland’s Behavioural and Social Science Ethics Research
Committee and the Metro South Human Research Ethics
Committee. The Inala Elders Aboriginal and Torres Strait
Islander Corporation supported the project.
Results
Therewere 453CHCs available for analysis. Themedian agewas
6 years (Q1 = 2, Q3 = 9 years), 222 (49%) children were aged
between 0 and 5 years, and 207 (46%) were female. Participants
were Aboriginal (92%), Torres Strait Islander (2%) or both
Aboriginal and Torres Strait Islander (6%).
Abnormal middle ear appearance was observed in 26 (6%)
children and was mostly owing to a bulging tympanic membrane
(Table 1). Table 1 also presents the prevalence of recognised
risk factors for middle ear disease. Fifty-four percent (246)
of the children weremale, 114 (25%) had a previous ear infection
and 45 (10%) reported preterm birth (less than 37 weeks
gestation). Childcare attendance and exposure to environmental
tobacco smoke were both present for around 70% of children in
this study. The median household number reported was five
(Q1 = 4, Q3 = 6), with a maximum of 12, and 42 (9%) children
What is known about the topic?
* Middle ear disease is common with particularly high
rates among Aboriginal and Torres Strait Islander
people. The few epidemiological studies that have been
conducted have been in rural/remote contexts.
What does this paper add?
* This paper finds an association between increasing
household number and abnormal middle ear appearance
for Aboriginal and Torres Strait Islander children
attending an urban primary health care service.
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lived in households with eight or more usual residents
(Table 1).
The frequencies of abnormal middle ear presentation, crude
odds ratios (OR) and associated 95% confidence intervals (CI)
estimated from mixed-effects models are presented in
Table 2. Perusal of this table reveals that previous ear infection
was the only investigated risk factor significantly associated with
abnormal middle ear appearance (OR, 5.2; 95% CI, 2.3–11.9).
However, a household number of eight ormore (OR, 1.8; 95%CI,
0.6–5.7) and presenting in the winter months (OR, 1.9; 95% CI,
0.8–4.7) both have moderate but non-significant effect sizes with
OR approaching 2. Complete data on both the dependent and
independent variables were only available for 253 (56%)
children, with gestational data missing for 124 (27%),
breastfeeding data missing for 95 (21%), childcare information
absent for 70 (15%), household size datamissing for 23 (5%), and
previous ear infection information missing for eight (2%)
children. Imputing the missing data, then undertaking
multivariable mixed-effects model analysis yielded the adjusted
OR and associated 95% CI also contained in Table 2. Significant
associations with abnormal middle ear appearance in these
imputed analyseswas seen for a history of ear infections (OR, 8.8;
95% CI, 3.2–24.0) and a household number of eight or more
people (OR, 3.8; 95% CI, 1.1–14.1). Results from multivariable
logistic regression analyses where the ratio of the number of
outcome events (abnormal middle ear appearance) to the number
of independent variables is low and may result in regression
coefficients which are biased in both positive and negative
directions (Peduzzi et al. 1996). Similar results were obtained
when only the three variableswith the largest effect size (previous
ear infection, household number of eight or more and presenting
in a winter month) were included in the multivariable mixed-
effects model analysis (Table 2). The estimated gamma statistic
measuring the relationship between previous ear infection and
household number (eight ormore) was 0.67 (asymptotic standard
error 0.17), which suggests that this relationship has led to a
higher adjusted OR for abnormal middle ear appearance than the
crude OR. When children are not indicated as having a previous
ear infection, then the imputed adjusted OR for abnormal middle
ear associated with household number (eight or more) was 5.9
(95% CI, 1.5–23.2; P= 0.01). The imputed adjusted OR for
abnormal middle ear disease was not calculable for those
indicated as having previous ear infection. The adjusted OR for
abnormal middle ear appearance increased with increasing
household number thresholds (Fig. 1). Moderate but non-
significant effect sizes were seen for presenting in the
winter months (OR, 2.5; 95% CI, 0.9–6.7) and immunisation
history (OR, 2.0; 95%CI, 0.8–5.0).Other risk factorsmeasured in
this study were not associated with abnormal middle ear
appearance. There were no significant differences for any
outcomeswhen the populationswere divided into two age groups
(0–4 years, 5–14 years), although the associated statistical power
was relatively small.
Discussion
Middle ear disease in this study was associated with previous ear
infection and increasing household number in a dose-dependent
manner for children attending the urban IIHS for their
CHC.Middle ear disease was less prevalent in this urban context
than in previous studies in rural/remote Aboriginal communities
(Morris et al. 2005; Bailie et al. 2010).
This study has several strengths and limitations. Clinical
assessment of middle ear disease, while not standardised, was
conducted by primary GPs with appropriate training to examine
ears, and a degree of accuracy might reasonably be assumed. The
broadnatureof theCHCallowed for thecollectionofdata relevant
to many of the recognised factors for middle ear disease in
children. A limitation of this study was the use of a consecutive
sample of children attending a primary health care service.While
the gender distribution in this study was similar to corresponding
2006 Census data from Inala (54% males compared with 52% in
Census data) (Australian Bureau of Statistics 2006), 6–14-year-
olds were under-represented (51% compared with 70% of 0–14-
year-olds in Census data). The apparent under-representation of
school-age children in this study may be due to decreased
frequency of attendance for primary health care because of being
at school, or when they do attend, they may be too sick to have a
CHC.
Some information regarding risk factors formiddle ear disease
were missing, requiring utilisation of multiple imputation
methods. The relationship between previous ear infection and
household number (eight or more) may be one of effect
modification rather than confounding; however, the sample size
was too small to make any definitive statements. Information
regarding risk factors thatwas collectedmaybe subject toparental
recall bias. Data collected in this study represent one urban
context and might not be generalisable to other urban Indigenous
health services, although there is little reason to assume that there
would be substantial differences in the results.While theCHCdid
not collect sufficient information, such as number of bedrooms, to
use recognised measures of overcrowding (Schluter et al. 2007),
we found that 9%of participants lived in householdswith eight or
more people. In a recent national survey, overcrowding was
Table 1. Outcomes for middle ear disease and recognised risk factors
from Child Health Checks at the Inala Indigenous Health Service
(n= 453)
Middle ear appearance and risk factors n (%)
Dependent variable
Abnormal otoscopic middle ear appearance (one ear or both) 26 (6)
Bulging tympanic membrane (one ear or both) 17 (4)
Dry perforation (one ear or both) 5 (1)
Wet perforation (one ear or both) 5 (1)
Independent variables
Host risk factors
Age, median years (quartile 1, 3) 6 (2, 9)
Gender (male) 246 (54)
Preterm (born <37 weeks gestation) 45 (10)
Environmental risk factors
Attendance at day care/school 296 (77)
Household smoking exposure 332 (73)
Never breastfed 117 (33)
Immunisation due 145 (32)
Previous ear infection 114 (25)
Presenting for CHC in a winter month 77 (17)
Eight or more people living in household 42 (9)
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experienced by 13% of Aboriginal and Torres Strait Islander
people living in major cities, indicating that our proxy measure
may underestimate overcrowding (Australian Institute of Health
and Welfare 2008). In the same survey, overcrowding was more
likely to be reported in remote communities (3.6 times). Like the
higher rate of overcrowding,wehavepreviously reported ahigher
rate of middle ear disease, detected using CHCs, in remote
communities comparedwith the urban IIHS (5.5 times) (Spurling
et al. 2012).
This study’s findings regarding the association between
middle ear disease and previous episodes of ear infection and
increasing household number are consistent with large
international cohort studies (Labout et al. 2011), one of which
also identified low socioeconomic status as a risk factor (Paradise
et al. 1997). However, our findings differ from the two other
epidemiological studies involvingAboriginal populations in rural
and remote areas (Jacoby et al. 2008; Bailie et al. 2010) and a
meta-analysis examining risk factors for middle ear disease
(Uhari et al. 1996), which found that environmental tobacco
smokeandchildcare attendancewere important risk factors. In the
Kalgoorlie cohort study, overcrowding, defined asmore than one
person per room, was not significantly associated with specialist-
diagnosed otitis media. A follow-up study on the same children
found that the best predictor of nasopharyngeal carriage of
pathogenic bacteria for otitis mediawas amore formal evaluation
of overcrowding involving the numberof people in the housewith
respect to the number of bedrooms (Jacoby et al. 2011). The
Northern Territory study by Bailie et al. (2010) may have
underestimated rates of otitis media by relying on carer’s recall of
an ear infection in the preceding 2 weeks. This would be a
potentially difficult diagnosis for the parent of an infant (Engel
et al. 2000), and may explain why associations with measures
such as crowding were not found (Bailie et al. 2010).
The association of middle ear disease with household number
in this study should not be interpreted as causal given the
cross-sectional nature of the data. However, in addition to the
plausible mechanism of an association between pathogenic
nasopharyngeal bacterial carriage with overcrowding and
Table 2. Crude and adjusted odds ratios (OR) with associated 95% confidence intervals (CI) of abnormal middle ear appearance
during Child Health Checks at the Inala Indigenous Health Service
Abnormal middle ear Crude AdjustedA (imputed) AdjustedB (imputed)
N n (%) OR (95% CI) OR (95% CI) OR (95% CI)
Previous ear infection
Yes 114 16 (14) 5.2 (2.3–11.9) 8.8 (3.2–24.0) 6.9 (2.8–7.0)
No 331 10 (3) 1 (reference)
Household number (eight or more)
Yes 42 4 (10) 1.8 (0.6–5.7) 3.8 (1.1–14.1) 3.8 (1.0–12.1)
No 388 21 (5) 1 (reference)
Presents in winter month
Yes 77 7 (9) 1.9 (0.8–4.7) 2.5 (0.9–6.7) 2.1 (0.8–5.5)
No 376 19 (5) 1 (reference)
Immunisation not up to date
Yes 145 9 (6) 1.1 (0.5–2.6) 2 (0.8–5.0)
No 308 17 (6) 1 (reference)
Preterm birth (<37 weeks gestation)
Yes 45 3 (7) 1.3 (0.4–4.7) 1.6 (0.4–6.2)
No 284 15 (5) 1 (reference)
Never breast fed
Yes 117 8 (7) 1.3 (0.5–3.2) 1.5 (0.6–4.1)
No 241 13 (5) 1 (reference)
Age (years)
Each year older 453 1.0 (0.9–1.1) 1.0 (0.9–1.1)
Smoker in the household
Yes 332 19 (6) 1.0 (0.4–2.4) 1.0 (0.4–2.6)
No 121 7 (6) 1 (reference)
Child attended day care/school
Yes 296 18 (6) 1.3 (0.4–4.1) 0.9 (0.2–4.2)
No 87 4 (5) 1 (reference)
Gender
Male 246 12 (5) 0.7 (0.3–1.6) 0.7 (0.3–1.7)
Female 207 14 (7) 1 (reference)
AAdjusted for previous ear infection, age, gender, household number, smoker in household, never breastfed, child attends day care/school,
presenting in a winter month, preterm (<37 weeks), immunisation not up to date.
BAdjusted for previous ear infection, household number, presenting in a winter month.
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specialist-diagnosed otitis media (Jacoby et al. 2011), our finding
that increasing household number is associated with increasing
prevalence of middle ear disease fulfils the Hill criteria used to
establish a causal relationship (Hill 1965). Perhaps surprisingly,
the high rates of environmental tobacco smoke exposure and
childcare/school attendance found in this study were not
associated with middle ear disease. While formal childcare may
offset the risk of environmental tobacco smoke, exposure to
tobacco smoke has not been shown to predict naso-pharyngeal
carriage of pathogenic bacteria after adjusting for confounding
factors (Jacoby et al. 2011). Paradise et al. (1997) suggest that
environmental tobacco smoke in the context of otitis media,
diagnosed using pneumatic otoscopy and tympanometry, is
predominantly aproxy for socioeconomicdisadvantage (Paradise
et al.1997), afindingnot contradicted by this study.Couzos et al.’
s systematic review published in 2001 suggested that it was very
likely that observations showing associations betweenmiddle ear
disease and childcare, family size and sibling infection were
related to housing factors, poverty and overcrowding (Couzos
et al.2001).Our study, conducted in a low socioeconomic region,
supports this insight, especially with respect to household
number.
This study may stimulate more questions for researchers
regarding the role of risk factors for middle ear disease but the
message for policymakers remains clear. Further researchmaybe
warranted to clarify how formal childcare may be a protective,
neutral or risk factor for middle ear disease. The current policies
on hearing health for Indigenous children continue to be solely
reactive, addressing needed hearing health services (Australian
Government 2012). Indigenous communities and policy makers,
working together, need to continue to promote the resolution of
socioeconomic issues, such as housing, community conditions
and specifically overcrowding in order to reduce the high
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Fig. 1. Household number and middle ear disease at the Inala Indigenous
Health Service. Odds ratios (OR) and associated 95% confidence intervals of
household number and middle ear disease at the Inala Indigenous Health
Service derived from imputed multivariable mixed-effects models. OR
adjusted for previous ear infection, age, gender, smoker in household, never
breastfed, child attends daycare/school, presenting in awinter month, preterm
(<37 weeks), immunisation not up to date.
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